A 21 year (1992 -2012) daily ozone emission data of a highly urbanised district in Malaysia was analysed with the aim of estimating the trend of ozone emission and relating this trend to the socio -economic and climatic characteristics of the area. Daily ozone emission dataset used in this study were obtained from the World Ozone and Ultraviolet Data Centre (WOUDC). The data were aggregated to obtain the mean monthly emission data. Descriptive and inferential statistical analyses were conducted to describe the datasets. Trend of the ozone emission was estimated with the use of MANN -KENDALL test. The magnitude of the trend was derived by the use of ordinary least-square fitting and the significance of trend was also tested with the use of MANN-KENDALL tool. The results of the statistical analysis indicated that the highest ozone emission occurred during the south western monsoon (May to August) period and these mean monthly ozone emission differed significantly over the study period. The trend analysis indicated a yearly decrease of between 0.069 ppt to 9.45 ppt for all the months except for the month of June when the predicted ozone concentration increased between 0.403 ppt and 0.414 ppt over 2020 to 2100. Furthermore, the results indicated that the ozone emission datasets yielded good estimates (predictive power of over 90%) with polynomial regression model. It could be concluded that the results of this study provided useful evidence for the importance of the climatic factors such as ambient air temperature, relative humidity on ozone formation. More so, this study could be useful in developing baseline information for assessing the health impact of ozone emission and for urban airshed modelling.
INTRODUCTION
Ozone (O3) is naturally present in the air in an undiluted state (Fishman, 1985) . This stratospheric ozone is beneficial in filtering the potential cancer causing short-wavelength (≤ 290 nm) radiation (Demerjian, 1986) and for generation of the hydroxyl (OH) radical which assist in the photochemical degradation of the organic compounds. Generally, ozone is formed by chemical reaction of the precursors of volatile organic compounds and nitrogen oxides (VOCs, NOx) under favourable ambient conditions such as dry, low wind speeds, cloudless and high-pressure systems (Struijs et al., 2010) and heat from sunlight.
Chemistry of Ozone Formation
Tropospheric ozone is formed during photolysis the oxides of nitrogen. However, net ozone production is not possible except the peroxy radicals react with NO to regenerate the NO2 without destroying an ozone molecule earlier formed in reaction (Equations 1 -3).
O3 + hv + O(1D)
(1) O(1D) + M O(3P) + M (2) O(1D) + H2O 2OH
The ozone formed is transported several kilometres away from the point of formation therefore creating a challenge to control it.
Influence of Weather Condition on Ozone Formation
Previous studies (Johnson et al., 1999; Wu et al., 2007) have shown significant impacts of meteorology on natural emissions of ozone. Local meteorology and circulation may accelerate the rate of ozone production as a result of its influence on the OH photochemistry which changes with UV radiation. However, ozone formation will be limited if the solar radiation is insufficient despite favourable local meteorological (Banta et al., 2005) .
Cloud could have either positive or negative effect on formation of ozone (Liao et al., 1999) . Cloud is able to influence ozone formation because of complex reaction between the cloud and the aerosols which therefore impact the actinic flux and the photolysis of ozone in the troposphere (Jacobson, 1998) .
Ambient temperature may influence the concentration and location of vehicle-emitted precursors of ozone (pollutants). For example, high level of sulphur dioxide has been reported in the winter while higher ozone concentration has been found mostly in the summer (Rainham et al., 2005) . Cold weather, higher relative humidity, lower wind (calm) speed could lead to the build-up of ozone in the athmosphere (USDA, 2011) because of the reduction in the atmospheric dispersion and degradation of the pollutants
Effects of Urbanization on Emission of Pollutants
Generally, the emission of the pollutants is influenced by the local socio -economic activities. Several studies have implicated urbanization to the increased rate of atmospheric pollution (Campbell et al., 2007) . Urbanization influences the rate of wind flow, wind speed and atmospheric stability through its effects on urban topography and air movement. Rough topography and uneven ground heating commonly experienced in the urban area have been reported to exacerbate the problems of urban air pollution (Jacobson, 1998 ).
The nature and the level of socio-economic activities going on in urban areas could also influence the concentration of ozone in the area. Whilst urban areas with high traffic volume and areas close to busy roads will have higher concentration of pollutants than elsewhere (Kaur et al., 2006) , because buildings on the busy road will impede dispersion of pollutants (Campbell et al., 2007) .
Socio Economic Activities
Human exposure to higher dosage of ozone emission could be a function of their socioeconomic activities. Occupational exposures to higher dosage of ozone could occur to workers in road construction companies (Dragonieri et al., 2006) , street cleaners and vendors (Campbell et al., 2007) . However, the health effects suffered from the ozone emission largely depend on the age of the individual, facilities in vehicles (White et al., 2006) , travel time (Kaur et al., 2006) , frequency and length of commuting (Peace et al., 2004 ).
Land Use Dynamics
Land cover change could have significant impact on ozone concentration through land support for ozone emitting plants (Henze et al., 2008) (refer to http://www.es.lancs.ac.uk/cnhgroup/iso-emissions.pdf for comprehensive lists of ozone emitting plants). Changes in land cover could also influence the deposition of ozone by providing surfaces for deposition of the pollutants (Ganzeveld and Lelieveld, 2004; Ganzeveld et al., 2010) . Studies by Ganzeveld et al., 2010; Wangla et al., 1998) have reported increase in dry deposition of ozone as a result of increase in vegetation density.
In addition, the synergistic relationships between ozone and other pollutant NOx Cox could influence the spatial concentration of the pollutant. For example, higher levels of isoprene from vegetation in the remote areas was the reason behind lower concentration of ozone in the areas (Wu et al. 2007; , whereas, high concentration of ozone has been reported in locations with high emission of isoprene and NOx (Wu et al., 2012; Centritton et al., 2004 ).
Effects of Ozone Emissions on Agriculture
Global monitoring of O3 concentrations for 2030 suggest that mean surface ozone level would increase from 1.4 to 7 ppb (Dentener et al., 2006) and other stressors (temperature and water vapour) will increase the impacts of O3 further (Dentener et al., 2006) . Since O3 is absorbed through the stomata of plants, therefore, any condition that will influence the exchange of gases would increase the impacts of ozone on plant.
Impact of ozone on crop is a function of many factors such as the concentration and duration of ozone exposure, average weather conditions and plant genetical characteristics (Fishman et al., J., 2010; Booker et al., 2009 ). For example, grain protein level in wheat has been documented to increase with increasing O3 concentrations (Pleijel et al., 1999 ). Whereas, high O3 level has negative impact on the quality of potato tuber (Vorne et al., 2002) . The nutritive value of clover (a forage crop) had been reported to decrease at high O3 level (Sanz et al., 2005) . Agrawal, 2003 also reported stunted growth of crop plants exposed to higher concentration of O3 in South Asia and Southern Africa.
Study of Aunan et al., 2000 in China reported yield loss of about 1 to 9 % in cereal and 23 to 27 % in soybean. O3 damage to crops has been well related to the reduction in photosynthesis and mis allocation of carbon (Grantz and Yang, 2000) ; senescence of leaves (Grandjean and Fuhrer, 1989) ; increased plant infection and injury . Generally, studies of Pleijel et al., 1999; Vorne et al., 2002 have found dicot plants to suffer more yield losses due to ozone exposure than the monocot plants.
Effects of Ozone Emissions on Human Health
The severity of ozone emission on individual had been found to be closely related to the location, activity level, stage of life and health status of the individual. However, cases of increased respiratory conditions, throat pain, phlegm, acute symptoms like coughing, wheezing, chronic bronchitis emphysema, asthma, chronic obstructive pulmonary disease, chronic rhinitis, chronic pharyngitis have been reported where there is continous exposure to ozone emission (Jones et al. 2006 ). Reduced lung function, higher cardiovascular diseases and stroke mortality have been associated with ambient ozone levels (Finkelstein et al., 2005; (Vineis et al., 2006) .
Studies of ozone monitoring in Asia and Southern Africa is important given that these regions have potential for higher air pollution from economic activities in the next few decades (Dentener et al., 2006) . Increased emission of O3 has the likelihood of posing significant threat to crops plants and human health in the regions.
Factors influencing ozone concentration and impacts have been well investigated in other parts of the world (Zhang et al. 2012; Al-Alawi et al., 2008) including Malaysia (Arif, L.N., 2013) however, to the best of our knowledge little is known about the relationship existing between ozone concentration and the socio-economic drivers of the precursors from where the ozone is formed. Therefore, this study is an attempt to foster the understanding of the relationship between ozone concentration and the socio-economic drivers of the precursors of the ozone with the use of the ozone emission datasets obtained from WOUDC database to establish the relationships.
The main drivers of the ozone emissions are the precursor gases such as NOx, VOC, CH4, CO and the climatic factors. However, human socio economic processes such as the population, climatic change, land use change, increase demand for energy, transport, food and non food materials will accelerate the processes that lead to the emission of the precursors (The Royal Society, 2008).
Principal Component Analysis in Environmental Data Analysis
PCA is a simple and non-parametric method that can be used to investigate hidden structure in environmental datasets (Rajab et al., 2013) . Fundamentally, PCA ensures maximum correlation between the original variables and new uncorrelated variables in a mutually orthogonal manner.
The principal components (PCs) are classified in a descending order with reference to the percentage of the variance explained by each component. The varimax rotation makes sure that each variable is maximally correlated with only one component and the variable almost have zero value with the remaining components (Jolliffe, 2002) . A scree plot helped to determine the maximum number of factors (usually indicated by the point before the eigenvalues plot flattens out) that can be extracted from a datasets.
While the communalities measure the percentage variability in an environmental data. Thus communalities items will be regarded as high when its value is greater than 0.8 (Velicer and Fava, 1998) ; moderate when 0.7 and low when 0.4 and considered not related when less than 0.4 (Costello and Osborne, 2005) . Therefore, factor loading threshold is usually set at 0.4 (Simeonov et al., 2003) .
METHODOLOGY 2.1 Study Area
The study area is in Petaling district which is one of the most populated districts in Peninsular Malaysia (Rajab et al., 2013) . The district is located in between 30 051N 1010 391E to 30 831N 1010 651E (Fig. 1) . Petaling generally is characterised by humid tropical climate with temperatures ranging from 20 to 320C (Suhaila and Jemain, 2007) . The coldest months are usually November and January while the hottest month is usually May -August in other locations (Dasimah, 2009 ). The climate of Peninsular Malaysia is influenced by monsoons. This monsoon on the other hand influences rainfall regimes (Suhaila et al., 2010) .
However, lightning and wind thunderstorms are mostly common particularly in the intermonsoon months (April to October) when there is substantial rainfall in the West Coast States where Petaling is located. The main determinants of rainfall intensity and distribution are the dynamics of the monsoon and topography (Suhaila and Jemain, 2009 ).
Figure 1. Location of the study Area

Data collection
Datasets utilized in this study was collected from the World Ozone and Ultraviolet Radiation Data Centre (WOUDC) database. The reliability of the data is based on the fact that the data was initially uploaded by the Malaysian Meteorological Service and a kind of specialized datasets (Wang et al., 2012) . This kind of specialized data have been used in similar study (Rajab et al., 2013) . Missing values in the available data were replaced (Suhaila et al., 2008) by mean monthly values (Muñoz-Díaz and Rodrigo, 2006) . These missing data were less than 3% of the total data used in this study (del Río et al., 2011) .
Data Analysis
The mean monthly ozone emission data (Table 1) was aggregated from the daily ozone emission data.PCA was used to identify hidden components that maximizes the variance among the twelve months while the rotation method in factor analysis helped to improve the variation in mean monthly ozone levels observed in the study area (Cu et al., 2009 ). The factor loadings represented the quantitative expression of the roles of the latent factors in explaining the variation in the variables (Simeonov et al., 2003) . The Kaiser's rule was applied to determine the number of components to retain. Kaiser's rule suggest the retention of any component having eigenvalues greater than 1 (Franklin et al., 1995) .
Trend analysis of the mean monthly ozone emission data was carried out by applying linear, non-parametric model to the ozone datasets (Rodrigo and Trigo, 2007) within MAKESENS Microsoft Excel template. This software was developed at the Finnish Meteorological Institute (Salmi et al., 2002) . The software uses the nonparametric Mann-Kendall test (Sneyers, 1992) to derive the magnitude and the significance of the linear trends in the datasets.
RESULTS AND DISCUSSION
The mean monthly ozone concentration in Petaling is 256.62 ppb over the study period of 21 years (Tables 1 & 2) The results (Figure 2 ) indicated that the peak mean monthly ozone levels were high during south west monsoon (Table 2 and Figure 2 ). Malaysia is a characteristically humid tropical country with temperatures ranges between 21ºC to 32ºC all the year round with hot days and cool nights (Dasimah, 2009) . In Malaysia, highest temperature is experienced between AprilAugust and lowest temperatures occurs during November -January making monsoon and topography the main factors influencing rainfall distribution in the country (Suhaila and Jemain, 2009 ).
Rainy season is usually experienced in Malaysia in the month of November to February and May to August (Wong et al., 2009) . Though, some rainfall is also experienced during the inter monsoon moths of April and October. The rainfall in the inter monsoon months is mostly caused by light wind and heavy thunderstorm. Making the early NEM period the time for maximum rainfall compared to the months of April to May when rainfall is minima. Finally, lower rainfall is experienced during the SWM period (Suhaila et al., 2010) . The principal criteria for determining the numbers of factors to be extracted was a factor with eigenvalues above 1 threshold value (Franklin et al., 1995) . Only two components can be extracted in this study. These two components explained 83.45% variation in the mean monthly emission of ozone in the study area (Table 3) . While, the first component was able to explain 53.69% of the variation, the second component can only explained 29.76% of the variation. Furthermore, the result (Table 2) indicated that the first component was the mean monthly ozone emission in May while the second component is the mean monthly emission in September (Table  2) . Therefore, this study revealed that the ozone emission level in May is the most significant in terms of ozone emission (because this month alone explained about 50% of the mean monthly ozone concentration levels) (Table 3) . While the emission in the month of September could only explained about 34% of the ozone concentration (Table 3) .
Pearson correlation matrices of the mean ozone concentration showed the existence of distance decay in ozone concentrations for the adjoining months (Table 4) (Caesar et al. 2006) . For example, the mean monthly ozone concentration of February and April were correlated with the mean monthly concentration of the following five months in a distance decay manner (Table 4) (Caesar et al., 2006) . Petaling, Malaysia (1992 .
Figure 2. Mean Monthly Ozone Concentration and Error Bars in
PCA communalities
Effects of Climate on Ozone Emission/Concentrations
Climate in Peninsular Malaysia can be described by four seasons (Wong et al., 2009 ), namely two monsoon seasons and two inter-monsoon seasons. The South West Monsoon (SWM) season is commonly experienced between May to August while the North East Monsoon (NEM) season occurs during November to February. During the NEM, the Eastern Coasts of the Peninsula receive heavy rainfall while the western coasts receive less rainfall. However, during the SWM, the climate of the entire western coast is characteristically dry. The absence of rain during the SWM (May -August) provides favourable climate condition for ozone formation. However, the two intermonsoon seasons usually result in heavy rainfall during which the west coast is always wetter than the east (Wong et al., 2009 ). The result of the curve fitting of the mean monthly ozone dataset indicated that the polynomial model (Figure 3) had the best fit with over 90% mean monthly emission being explained by the model (5% p value) The values of the columnar ozone were found to be dependent on the weather conditions of the study area. The ozone concentration has maximum values during May, July and August as a result of the high temperature which occurred in the study area during these months. Therefore, the columnar O3 had a positive relationship with drier SWM months (May to August) and inverse relationship with NEM months (October to April) raining months and (Table IV) .
The result of the two way analysis of variance test for comparing the mean monthly emission concentrations (Jan -Dec) over the months and years (Table IV) indicated that there are significant difference in the ozone concentration between different months and years over the entire study periods because the calculated P were less than the significant levels (0.05) in the two cases (Table IV) . The characteristics of the Malaysian weather conditions indicated very high ambient temperatures in the months of April-May and July-August while low temperature occur during November -January (Shahruddin & Mohamed, 2005) . The observed weather condition in Malaysia is well related to the North East Monsoon (NEM) [November to February] and the South West Monsoon (SWM) [May to August] (Wong et al., 2009) . During the inter-monsoon months (usually occur in April and October), the light, variable and thunderous wind brings substantial rainfall. This monsoon rainfall accounts for 81% of the annual rainfall Peninsular Malaysia (Suhaila, J., Jemain, 2009 ). Maximum rainfall is occurred during NEM, while second maximum rainfall occurred during April and May. However, high intensity rainfall is uncommon during the SWM period except in the West Coast of the Country. Thus, the lowest rainfall occurred in February, and the highest in December (Suhaila et al., 2010) .
Trend analysis of the mean monthly ozone emission was estimated for 2020 -2100 by applying linear and non-parametric models to the ozone datasets using the least squares method (Table 5) (Rodrigo, F.S., Trigo, R.M., 2007) . The result of this estimates indicated that the ozone emission was significantly different in the month of January and February at 0.5 and 0.01% respectively (Table 6 ). Whereas there is no significant difference in the ozone emission for the remaining month throughout the study periods (1992 -2012) (Table 6 ).This finding disagreed with the results of the ANOVA ( Table 4 ) that found that there is a significant difference in the mean monthly ozone emission all over the entire study periods.
More so, the trend of ozone emission was predicted from the coefficient estimates from the Mann Kendall Test it was found that the predicted emitted ozone decreased between 0.069 ppb and 9.45 ppb per year for all the months of the year except for the month of June when the predicted mean monthly ozone emission increased by 0.403 ppb and 0.414 ppb between 2030 to 2100 ( Figure  4 ). This result obtained here is in agreement with the findings of NOAA, 2010 which reported a potential decrease in ground level ozone of the tropical areas during 2060 to 2100 because of the higher rate of emission of ozone depleting substances (ODS) with increasing human activities. Earlier study provided evidence for this finding (Wolff et al., 2013) . For example, ozone concentration is lower in Athens compared to Helsinki and Mannheim (NOAA, 2010) .
This incidence is related to higher levels of ozone depleting substance (nitrogen oxides) in Athens. Heavy traffic usually results to decrease in ozone concentrations, because freshly emitted nitric oxide destroys ozone. This explains the reason why the ozone concentration is higher and nitrogen dioxide concentration is lower on weekends than in the weekdays and a decrease in nitrogen dioxide concentration in the rural areas is responsible for higher concentration of the ozone in the area. 
CONCLUSIONS
The ozone emission data (1992 -2012) for Petaling, Malaysia have been evaluated with the use of statistical analysis. Findings indicated that the ozone concentrations were well related to the weather conditions of the study area with significantly higher values during the South Western Monsoon seasons than in the North Eastern Monsoon season and significant differences in ozone emission levels over the months and years of the study. This study underscores the significance of the ambient meteorological conditions on the ozone emission. The finding further indicated that the ozone emission dataset was best related by a polynomial model that implied non -linearity in the ozone formation processes.
However, the trend of ozone concentration between 2020 to 2100 indicated a decrease in mean monthly ozone emission for all the months except for the month of June. This reduction in ozone emission has been related to the higher emission of the ozone depletion substances from increased human socio-economic activities such as transportation, land use change and climatic change (NOAA, 2010) . On the general note, transportation as an important part of human life provide mankind opportunity for better contact, understanding and economic development between people. unfortunately, increasing transportation volume constitutes risk and harm to air quality and human health (European Commission, 2005) through the emission of ozone precursors. However, steps could be taken to minimize the negative impact of transportation on the urban areas in terms of air pollution in cities. Therefore, alternative vehicle technologies such as fuel cells, electric and hybrid vehicles, particle traps, preheated catalytic converters, new engine and after treatment technologies may reduce the emissions of ozone precursors. More so, the replacement of conventional fuels by substitutes such as biofuels, natural gas and hydrogen, fuel quality, abatement technology, catalytic converters, engine design could also be implemented to improve urban air quality despite increased road traffic or increase in car numbers.
Given greater use of space in urban environment and increased use of cars, it is unrealistic to assume that mere technological advancement would be enough to bring abate adverse health effects of ozone emission. Thus non -engineering measures such as traffic management may reduce roadtraffic volume and emission due to transportational activities. Moreover, adoption of economic incentives and fiscal policies such as taxes and road use fees as once adopted in the United Kingdom in 2003 produced reduction in traffic volume and improvement in air quality. Also separate bus lanes and car-free days as once introduced in Paris have been found to improve air quality by 10 -16%. More so, banning of lorries in urban areas could improve air quality. While, a speed limit of 80 km/h on urban highways could reduce traffic emissions.
